BACKGROUND: Documentation of diseases and intolerabilities in electronic patient records (EPRs) in pharmacies is needed to produce an alert in case a contraindicated medicine is prescribed. Limited research is available concerning EPRs in pharmacies.
T he occurrence of drug-related problems (DRPs) has been the subject of several studies 1,2 and is part of the public debate about patient safety and medication errors. 3 Pharmacists can play a major role in the detection and prevention of DRPs and medication errors. [4] [5] [6] [7] [8] Information technology in Dutch community pharmacies commenced 30 years ago with the electronic recording of simple patient data (eg, gender, age, address) and documentation of drugs dispensed to the patient. Thereafter, a medication surveillance program was introduced enabling the pharmacist to check for several potential DRPs, especially dosing problems, drug-drug interactions, and duplicate medications. With the documentation of clinical data in the electronic patient record (EPR), which included diseases and intolerabilities, it became possible to check for drug-disease interactions and drug intolerabilities (including allergies). 7 These are considered important and preventable DRPs. [8] [9] [10] [11] Dutch pharmacy medication surveillance software can advise the pharmacist to document a certain disease (eg, diabetes) for a specific patient based on a dispensed medication (eg, insulin). It can form part of a network linking several pharmacies with each other and/or with practices of general practitioners (GPs). It is, however, the pharmacist who has to decide whether to document the disease in question. In addition, clinical information provided by the prescriber or patient may lead to documentation of relevant clinical information by the pharmacist. After having documented the specific disease or intolerability, each new prescription is checked against the database for drug-disease interactions, leading to an alert on the computer screen in case of a relevant interaction (ie, contraindication).
Adequate documentation of relevant diseases and intolerabilities is thus essential for this type of medication surveillance. A limited amount of research has, however, been conducted on the magnitude, nature, and quality of the documentation of diseases and intolerabilities in the EPRs in pharmacies. This is in contrast to practices of GPs, where a considerable quantity of research regarding documentation in EPRs has been performed. [12] [13] [14] [15] We therefore studied the prevalence, nature, and quality of documentation of diseases and intolerabilities in EPRs in a sample of Dutch community pharmacies that were considered a vanguard in possessing the best possibilities for using the EPR. Additionally, we were interested in identifying determinants related to the documentation of any disease and/or intolerability in the EPR.
Methods

Setting and Population
All Dutch community pharmacies using the Pharmacom information technology system, particularly the Care Concept Electronic Programme 16 (N = 455) were invited to participate in this study in 2003, of which 79 (17.4%) were ultimately enrolled. All participating pharmacies received a pretested study protocol, and the coordinating research center was available for questions. On one predetermined day in May 2003, each participating pharmacy randomly enrolled patients by using a predefined procedure that selected 1 (2.5%) of every 40 patients to whom a prescription had been dispensed that day.
The procedure selected the highest prescription number ending with a 9 on the study day (eg, 4909) followed by all prescriptions, each separated by 40 prescriptions (eg, 4869, 4829). In case this procedure led to possible inclusion of the same patient more than once, another patient was included according to the procedure described in the protocol. The inclusion procedure selected only patients who were prescribed drugs (n = 687); 3 patients who had been dispensed other products (eg, incontinence material) were excluded from data analysis.
COLLECTION AND CLASSIFICATION OF DATA
One registration form was used to collect basic characteristics of the participating pharmacy. On another form, the pharmacist documented patient-specific information (age, gender, current drug use), as well as clinical information (diseases, intolerabilities) that were recorded in the patient's EPR. The diseases and conditions that can be documented in the EPR using a specific code are listed in Appendix I.
Pharmacists were requested to send anonymous copies of the medication-dispensing history of each study patient. When data on the registration form concerning current drug use conflicted with the medicationdispensing history, it resulted in an alteration by the research team. If necessary, consultation with the pharmacist was required in these cases. In the case of questions arising from the registration forms, the pharmacist was contacted as well.
All medicines were classified into therapeutic groups using the Anatomical Therapeutic Chemical (ATC) classification of the World Health Organization Collaborating Center for Drug Statistics Methodology. For each patient, the chronic disease score (CDS), a validated measure of the chronic disease status, was determined based upon the drugs used on the study day. 17
DATA ANALYSIS
Data were entered into a database (Microsoft Access 2000) and analyzed using standard descriptive data analysis (SPSS version 10.0). Logistic regression analysis was used to measure the association between characteristics and recording of diseases and intolerabilities in the EPR.
For the assessment of the quality of the documentation of disease information in the EPR, the use of certain drugs was considered as a proxy parameter for the presence of a disease. This definition of the disease served as the "gold standard" when calculating the quality parameters. Electronic prescription data have become accepted as sensitive and highly predictive for diagnosis validation when used appropriately. 18, 19 Documentation of the disease in the EPR was considered the diagnostic test. As was done for diagnostic tests, sensitivity (completeness) and positive predictive value (accuracy) were calculated. 13-15 The quality assessment was performed for diseases that were frequently encountered in the study population and/or with a high level of relevance as a contraindication for the use of certain drugs. In Appendix II, these diseases are presented as well as the proxy used for it, based upon current drug use (ATC codes).
Results
The participating 79 pharmacies comprised almost 5% of all Dutch pharmacies (~1700). Compared with the average Dutch pharmacy, these pharmacies had advanced possibilities for using the EPR, had slightly more personnel, participated in more structured meetings with GPs, and were more often equipped with a certified Quality System a (33% vs 11%). There was a large variation among pharmacies with respect to the daily number of prescriptions and the number of pharmacists and assistants, which reflects the fact that both small and large institutions participated in the study.
Data from 687 patients were collected (average 8.7 pts./pharmacy, range 3-17). The characteristics of these patients are presented in Table 1 .
In the EPR of all selected patients, a total number of 973 diseases and intolerabilities were documented. At least one documented disease and/or intolerability was found in the EPR of 59.8% of the patients (n = 411; Table 2 ). For several patients, more than one disease and/or intolerability was registered: more than one-third (34.6%) had ≥3 registered items. The most frequently documented diseases were hypertension, asthma/chronic obstructive pulmonary disease (COPD), hypercholesterolemia, depression, angina pectoris, and diabetes types 1 and 2. In the EPR of 7.9% of the patients, at least one intolerability for a certain drug (group) was documented, especially antibiotics and analgesics.
Adjusted for all other variables, we found that older people (>55 y), patients using ≥3 drugs, and those with a chronic disease score ≥1 had a higher probability for any documentation of a disease/intolerability in their respective EPR ( Table 3 ). The use of several drugs, such as cardiovascular, blood and blood organ, nervous system, and respiratory system agents, was also associated with documentation of a disease/intolerability.
Concerning the quality of documentation, we found the highest sensitivity scores (completeness) for diabetes, asthma/COPD (strict definition), and hypothyroidism (Table  4 ). A rather low value was found for the documentation of prostatic hyperplasia and a remarkably low one for heart failure. The positive predictive value, representing accuracy, was 100% for hypothyroidism. Relatively high values were found for diabetes and all cardiovascular diseases. Low data were found for asthma/COPD (strict definition) and angina pectoris.
Discussion
To our knowledge, no previous study has examined the prevalence, nature, and quality of disease documentation in the EPR performed within a sample of community pharmacies. In a systematic review evaluating the quality of EPRs in GP practices, the completeness (sensitivity) of documentation of a summary of all conditions considered ranged from 55 to 96. 14 Our data concerning the investigated diseases are within this range except for heart failure. In the aforementioned review, sensitivity values for angina and diabetes were 40 and 74 -100, respectively. This is somewhat lower than or comparable with our data. The positive predictive value ranged from 96 to 100 for all con-ditions. For angina and diabetes, positive predictive value data of 100 and 99-100 were revealed. 14 Our data are lower, with the exception of hypothyroidism.
In our study, antibiotics in particular (40% attributed to penicillins) and, to a lower extent, analgesics accounted for most of the intolerability documentations. In several studies, these agents, particularly antibiotics (mostly penicillins), are mentioned as the most common cause of reactions. 20, 21 In our study, intolerabilities that are not necessarily anaphylactic in nature were documented; those may not automatically lead to the same event if the documented drugs are given in the future.
A number of limitations to this study should not be ignored. As the participating pharmacies constituted a voluntary sample, there may have been a positive selection bias. In addition, it concerned a specific sample of Dutch pharmacies, which were considered as having advanced possibilities for using the EPR. It is therefore possible that the more patient-and quality-oriented pharmacies participated. On the other hand, both small and large pharmacies, located in different parts in the Netherlands, were included. The chronic disease score is a validated measure of the chronic disease status. This measure is based on expert opinion on the use of drugs as a validated proxy for chronic diseases. 17 In the electronic patient records of all 687 selected patients, we found a total of 973 disease and intolerability documentations.
Documentation in Electronic Patient Records
The Annals of Pharmacotherapy s 2005 October, Volume 39 s 1643 www.theannals.com Secondly, we considered current drug use as a proxy for having the disease concerned. 18, 19 In studies concerning GP electronic records, this method of drug-morbidity pairing has frequently been used. It is a simple measure; however, it will not always provide precise matching, and 100% may not be a reasonable absolute target. 22 The only patients included were those being pharmacologically treated.
Patients not yet pharmacologically treated, such as in the case of diabetes, but for whom adequate surveillance of drug-disease interactions is also relevant, could not be included. Sensitivity estimates are therefore likely to be positively biased.
We used different types of drug-morbidity pairing. Three diseases have an almost unambiguous relationship with currently used medication: diabetes, hypothyroidism, and prostatic hyperplasia. This suggests the highest integrity of sensitivity and positive predictive value data among the investigated diseases, bearing in mind the abovementioned limitation. We found relatively high, but still improvable, values concerning diabetes and hypothyroidism, but low values regarding prostatic hyperplasia. These diseases could be used as performance indicators concerning the documentation of diseases in the EPR.
Data concerning completeness and accuracy of recording need more consideration regarding the other diseases. There are 2 diseases with a rather restricted definition: asthma/COPD strict and angina pectoris (Appendix II). We may conclude that there is an almost unambiguous relationship between these diseases and the defined and currently used medications. We may have obtained a relatively clear impression about the completeness of recording (sensitivity) with these patients, indicating that completeness is also a good quality indicator. The accuracy represented by a positive predictive value of only 22% and 28% provides a rather contrasting picture. These low and unreliable data are understandable, however, because there are more drugs related to asthma/COPD or angina pectoris for which the pharmacist documented the disease in the EPR. As a result, there is an abundance of disease coding leading to a low positive predictive value.
We used 2 broad definitions concerning a disease: asthma/COPD broad and all cardiovascular diseases. We found reasonable but not high sensitivity values for both diseases. The broad definition will provide favorable opportunities for matching documentation in the EPR with the disease. On the other hand, pharmacists may have been reluctant to document the diseases in case of incidental use or first use (eg, sympathomimetic agents) or because they were not sure about the exact indication (eg, with cardiovascular disease). For the same reasons, one will find a reasonable positive predictive value for asthma/COPD in this case.
Finally, we examined a disease (heart failure) for which the computer will not prompt for documentation based on current drug use. Hence in this case, the pharmacist is confronted with a relatively poor representation of the actual number of patients with heart failure. The only way to document the disease is by reviewing a patient's medication record and/or communicating with physicians or patients. For heart failure, not surprisingly, a very low sensitivity score was found, highly disadvantageous in terms of providing optimal pharmaceutical care.
We did not investigate the quality of drug intolerability documentation. There is the question of underreporting in the EPR. In a recent study, a prevalence of self-reported drug allergy of 7.8% was found. 21 Our findings are comparable with the latter data. In contrast, many patients mistakenly believe that an increased sensitivity to known adverse effects is caused by allergy. This may lead to misclassification in the EPR, preventing the prescribing of a justifiable and possibly very essential medicine, such as penicillin. 23 Our study shows that, for some diseases, the documentation is quite accurate, but for others the quality requires further improvement. Pharmacists should be aware of this, since complete documentation of information may help reduce iatrogenic risks. A program of assessments, feedback, and training may help to increase this awareness. In some studies with respect to medical EPRs, such programs, although uncontrolled, appear to improve data quality. 22 To further develop adequate documentation of diseases, pharmacists should seek cooperation with physicians. This cooperation will improve patient data in the physician's practice as well. Joint EPRs for physicians and pharmacists should be encouraged. Furthermore, it may be advisable that physicians state the reason for prescribing on the prescription so that pharmacies can use that information for disease documentation and, hence, more efficient medication surveillance. Finally, pharmacists should more efficiently gather reliable information from patients, as patients with well-defined chronic conditions have an accurate recall of medical and drug usage history. 24 To ensure optimal medication safety, pharmacies are responsible for a system of medication surveillance and, hence, for high-quality EPRs. There are various reasons: prescriber systems are not completely reliable, 25 the contents are not always comparable to those of the pharmacy, 26,27 physicians do not always react in a justified way, 28 physicians do not always use all items provided in the medical record system, 29 there might be a lack of awareness of allergies (and other adverse drug reactions that a patient has experienced), and a high degree of allergy alert overrides among physicians. 20, 30 Finally, we would like to argue that to have no alert is actually more problematic than a false alert. After all, by communicating with the patient (or prescriber), the signal for a disease-drug interaction can be verified. When the surveillance of this DRP is no longer appropriate, the disease must be removed from the EPR. In this respect, we would like to argue that lower sensitivity scores are of more (negative) importance than lower positive predictive values. On the other hand, however, it is important to limit the number of false-positive alerts since a high number may be a main reason to turn off alerts or to override them.
Conclusions
In a selected population of Dutch community pharmacies, at least one documented disease and/or intolerability was found in the EPR of almost 60% of the patients. There was an association between documenting a disease and/or intolerability and older people, patients using ≥3 drugs, and those with a chronic disease score of ≥1. Certain diseases, such as diabetes and hypothyroidism, were coded to a relatively high degree; others had poorer levels of coding, especially heart failure. For optimal surveillance of drug-disease interactions in pharmacies, the frequency and quality of disease and intolerability documentation need further improvement. 
